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SUMMARY

(704 %

IN CHEMOSYNTHESIZING HOMOGENATES OF NITROBACTER
WINOGRADSKYI THE FORMATION OF AREDUCED PYRIDINE-NUCLEOTIDE
(DPN) WAS OBSERVEL DURING THE OXIDATION OF THE SUBSTRATE,
NITRITE. OVER THE TESTED RANGE FROM pH 6.8 TO pH &.2
THE KINETICS OF THE TWO REACTIONS ARE pH-DEPENDENT IN
IDENTICAL MANNER. THE TWO REACTIONS, ECUALLY SENSITIVE
TO INHIBITION BY BOTH, 1 X 10™3 MOLAR O-PHENANTHROLINE OR
5 X 10~% MOLAR KCN, MUST THEREFORE BE COUPLED. THEY
ENABLE THE CHEMO-AUTOTROPHIC MICROCIGANISM TO HARNESS THE
ENE3GY LIBERATED IN THE SUBSTRATE OXIDATION AND TO MAKE
IT AVAILABLE FOR THE SYNTHETIC PROCESS THAT ASSIMILATES
THE CARBON LIOXIDE. QuTHOR
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I. INTRODUCTION

At least three methods are available today for
measuring the assimilation of carbon dioxide in the
chemosynthetic, nitrifying microorganism Nitrobacter

winogradskyi:

1) Manometric CO2 DETERMINATION (4)

2) Determinztion of the change in hydrogen ion-
concentration in the bicarbonate CO2 buffer
systen (3)

3) The observation of incorporation and cistri-
bution of carbon-dioxide labelled with the

racdioisotope 14C (see figure 1).

These three methods, while of different usefulness
for different aspects of the problem, leacd invariably

to one result, namely:

The processes of chemo-autotrophic carbon assimil-
ation are quantit atively dependent on the energy from
oxidation of an inorganic compound. For Nitrobacter this
is the oxidation of nitrite-ions to nitrate-ions. As

shown by figure 1 no fixaticn of radicactive CO,, takes

place without tlis reaction. The stoichiometric connection

was first demonstratec 1216 by Otto Meyerhof (7) who




proved experimentally the following formulation for the

balance of the reaction:

2NO, + O = 2 No;

Today there is hardly any doubt that Meyerhof's
equatidn describes correctly the balance of nitrite-

oxidation under certain concditions. However, it is also

obvious that Meyerhof's equation disregards the indivicdual
stens in which the free energy-change of nitrite-oxidation
is harnessed anc macde available for the process of carbon

dioxide assimilation.

In the search for further reaction products of
nitrite-oxidation Aleem anc Nason (1) believe they have
found the solution in a synthesis of adenosine-triphosvhsate
(ATP) couplec with nitrite-oxication. Using radioactive
rhosphate the authors demonstratec that varticulate fract-
ions of Nitrobacter zgilis incorpcrate inorganic phosphate
into ATP in x reaction which depended upon the presence of
nitrite. The optimzl P/0 quotient which they obtained in

these experiments was 0.2,

However, it is a fact of cell physiology that Nitro-

bacter is capuble of producing ATP (8) through “resgicuzl
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respiration” (2) in the absence of nitrite. Under aerobic
conditions this respiration proceeds with a Qoz of -6
(ma3 0,/mg dry weight of cells per hour) at 30 °C. It
maintains in the cells a steady-state level of 10'3 molar
ATP (6). The P/0 quotient of this respiration is approx-
inately 3.0 (6). Furthermore it has been demonstrated
that uncder otherwise identical conditions the addition of
nitrite leads to a reduction, not to an increase of the
intracellular level in ATP concentration (€). This would
suggest that ATP-consuming rather than ATP-producing
reactions sre accelerated or initiated upon the addition
of nitrite, thus leading to an increased turnover of

lzbelled phosphate as observed by Aleem and Nason.

Looking again, with the knowledge of these facts, at
Figure 1 one could hardly accept the hypothesis that
nitrite-coupled synthesis of ATP is the reaction which
permits the assimilation of carbon-dioxide by chemo-
autotrophic cells dependent, as the figure shows, on the
presence of nitrite. For, although in aerobiosis ATP is
available to the cells under either conditions, the cells
assimilate carbon-cioxicde only in the presence, ané¢ not
in the absence of nitrite. Therefore, a different

reaction mechanisms must malze it possible for nitrite-

oxidation to perform the assimilation of COB‘




II. NITRITE OXIDATION ANL
PYRIDINE-NUCLECTIDE REDUCTION

Since the assimilation of carbon-dioxide by auto-
trophic cells, whatever its detailed steps may be, is
in essence a reduction of CO;, it was suggestive to look
for a2 participation of the classic oxidation reduction-
coenzymes, the pyridine nucleotides, in Nitrobacter-
chemosynthesis. While in the worl: with nitrifying chemo-
autotrophs the spectrophotometric method lends itself to
the determination of pyridine-nucleotice recduction, a
problem of this method must first be solved, which arises

from two special characteristics of the nitrite ion:

1. The ultraviolet absorption-maximum at 355 m u
interferes with that of recduced pyricine-

nucleotide.

Nitrite has a quenching effect on the fluorescence

©3

of pyridine-nucleotide.

For these two reasons neither the direct optical
nor the fluorometric methoc for pyridine-nucleotice
recduction is applicable when simuitaneously, an oxidzation

takes place. To circumvent this difficulty we
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introcucecd the interception of recuced pyridine-nucleotide
by means of pyruvate and lactate-cdehydrogenase in an

"enzymic-trap:

CH_CO-COOH  + DON-H + H'

LACTATE ~ DEHYDROGENASE
CHSCHOH-COOH + DPN+

Thereby it became possible to follow the reduction of

pyricdine~-nucleotide by analyzing the lactate.

-

It is demonstrated with figure I that in homogenates
of Nitrobacter a formation of IPNH takes place, dependent
on the oxicdation of nitrite. From table 1 it follows
uncder what special conditions the nitrite-oxidation-
coupled recduction of DPN may be observed. These special

concitions include the following three:

(1) Inhibition with 5 x 10~% molir KCN
(2) Inhibition with 1 x 10'3 molar o-phenanthroline
(3) ©»H cepencdence of reaction rate with icdentical

optima for LPN-recuction and nitrite oxidztion.

These observations prove not only the enzymic nature
of the DPN reduction. They prove that CPN reduction is

coupled with nitrite oxication, as both reactions have

on




the observed characteristics or prerequisites in common.

III. LISCUSSION

Whereas no doubt is left by the experiments that
reduced diphosphopyridine-nucleotide is a reaction-product
of nitrite oxidation, cdifficulties are encountered in
fully uncderstanding this reaction. While Meyerhof's

equation (1) for nitrite oxidation may be reformulated as

NO

4+ B0 oz NO_ + ZH" 4+ 2e (2)
¢4 —_— 3

[V |

and the formation of DPNH as

+

DPNT + 2HY + 2e DPNH + H' (3)

——
4

a thermodynamic problem arises immediztely. The standard

potentiuls of reaction (Z2) an¢ (3) are:

2 E' = + 0.42 V
and 3: B! = - 0,32 V¥

With a positive free energy of the combined reactions
as written, the equilibrium of the coupled reactions (2)
and (3) must be decidedly on the side of the reactants,
nitrite and IPN'. 1Indeed, nitrate-reductase, ciscovered
by Nason (8), is an enzyme system that oxidizes TPNM while
reducing nitrate to nitrite, in a practically irreversible

manner,



There zare two other reasons way it is improbable
that pyridine-nucleotice recuction counlec with nitrite
oxidation is simply an inversion of the nitrate-reductase

reaction:

(1) Triphosphovyridine-nucleoticde, TPN, is not

reduced by nitrite in homogenstes of Nitrobacter,

i)

(

) The reduction of PPN by nitrite is not, as one
micht concluce from the equations % ana 3, an
anzerobic process. ALerobiczlly, in a cell-free
Nitrobacter homogenate, at 20 °C in Z0 minutes

0. 43 pilole DPN-H
were forwmed. Anzerobically, in the same homo-

senate, nitrite reduced

0.900 pMole DPN-H

This experiment seems furthermore to show, how nature
solveu the thermodynamic problem. Oxygen participates, and
is consumed in stoichiometric quantities, rather than
exerting = catalytic function. 4n a2s yet unknown, oxygen
consuming reaction must supply the adcditional energy re-

quired far the recduction of the pyricdine-nucleotice.




IV. EXPERIMENTS

Homogenates of Nitrobacter winogrzdskyi:

Nitrobacter was cultivated for 7Z hours in solution
"X (@) at 35 °C with the trace elements added, and
harvested anc washed at 10 °C in a centrifuge with conti-
nuous flow. Ve suspencded 1 ml of pached cells in 10 ml
gluss-distiilecd H20 zh¢ homogenized this suspension with
32 grams of gluss beads #10 (English Glass Co.), diameter
0.13 - 0.20 mm, for 4 minutes uncer cooling with ice at
11,000 rpm in the Servall-Omni-Mixer. On a frittecd giass
filter~funnel the homogenate was separated from the glass
bezds, diluted to 50 ml with glass-Cistiliec water and

izept at O °C until the experiment began.

L=-(+)-Lactate: was Getermined with the methad of

Warburg in the arrangement describec by Hohorst (3).
The cuvette of d-1 cm containec¢: 2.6 ml Hycdrazine-
Glycine-buffer, pH-¢.5 (3) and 0.3 ml1 of the de-
proteinized, neutral, lactate-containing sample. After
20 minutes, during which the pyruvate reacted with the
hydrazine to completion, 0.15 ml of & x 10’2m DPN

solution were added. After a reading of the opticzal

€]




density the reaction was initizted by adding 0.02 ml
lactate cehydrogenase. Fifteen minutes later, when the
reaction had come to a standstill the final reacding of
the O.L. was talen. We have satisfiecd ourselves that
the amounts of pyruvate present in our extract do not

disturb the analysis for lactate in this procedure.

Test for the NO__  Dependent ieduction of LPN:

Incubztion too!z piace in Erlenmeyer flasits of 50 ml
czpacity at 30 °C, in a metabolic shaker, under vigorous
agitation with air as the gas phase. In a total volume of
10 ml the flusks contained 600 micromoles potassium
phosphzte, pH 7.8, 30 micromoles PPN, 5.5 micromoles
sodium pyruvate, 50 micromoles nicotinamide, 145 micro-
moles sodium nitrite, 0.2 mg lactate-dehydrogenase, freed
of ammonium sulfate by dialysis, Nitrobacter homogenszte,
smount corresponding to 10 mg protein. The reaction was
initiated by addition of the sodium nitrite. At the re-
quired times, samples of 2 ml were taken from the flask,
and deproteinized with HClO‘i (final concentration, 7
Volume %). These samples were analyzed for lactate as a

clear supernatant after neutralization with K?Coa, anc

subsequent centrifugation. Under these conditions the




rate of reaction waze found to be strictly proportional

to the amount of Nitrobacter homogenate in the zssay.

+
Dependence of Reaction Iztes on H -Ion Concentration

in DPN-Reduction =znad No;— Oxidation: The experinent:l

setup was essentially the s:ome as in other cdeterminations
of the Nog-dependent DPN-recduction except that potassium
phosphute bufier was replaced with 0.1 molzyr sodium
pyropaosphite-HCl-buffer. »H of the buffer was voriel over

the range as shown in £i ¢ 3. NO - concentrations were

“

determined in aliiquots ol the incubate according to

Griess-1losvay (see reference %),
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1 TABL%E 1. REDUCTION OF PN

Substrates /icced To Cuantities
Nitrobacter Homogenate IPN-H Found
In Test
(Moiarities) (Micromoles)
© DPN; O NO, 0.02
2 x10°3oN; O NO7 0.10
3

0 ©PN; 14.5 x 10~ No: 1.00

£

3 3

3 x 10 ° DPN; 14.5 x 107°NO. 7. 85
Pe]

Luration of the reaction was 30 minutes at 30 °C.

Further explsnations, see under ' Methods"



FIGURE 1.

THE NITRITZE DEPENDENT ASSIMILATION ANT DISTRI-
BUTION CF RALIOACTIVE CARBON IN INTERMELCIARY METABOLITES
OF NITROBACTER WINOGRAISKYI N3H14C03 WAS ADCFD TO NITRO-
BACTER IN A STEARY STATE OF NITRITE-OXIDATION (BELOY) OR
IN TEZE ABSENCE OF NITRITE (ABOVE). AFTER 60 SECONDS THF
CELLS WERE XILLED .LNI' EXTRACTED WITH BOILING METHANOL.
COMPOUNLIS WERE SEPARATED BY IONOPHORESIS ON PAPER.

AMOUNT OF EXTRACT CORRESPONDED TO 10 MICROLITERS OF
PACKRED CFLLS (CHEMICAL ICENTIFICATION OF PEAXS WILL BE

DESCRIBEL ELSEWHERE).
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FIGURE z.

THE NITRITE OXIL/TION-COUPLFL RFDUCTION OF
DIPHCOSPHOPYRIDINE-NUCLEOTIDE (EXPLANATIONS, SEE

UNCFY METHODS )
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FIGURE 3.

THE IDRENTICAL pH-PFPENDENCE OF LPN-IEDUCTION
AN NITRITE-OXIDATION-RATES. CIRCLES INLICATE NO;-
OXIPATION, CROSSES, DPN-RELUCTION.
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